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chapter one 


INTRODUCTION 


In almost all discussions of the problem of combatting 

Biita wronesatiere ws stiemldcad es eVel! aiette sr serolly aImplucrts 
ElaAtesonessacCtinitcesOL OUlTDUL and employment lomiece sodl velo 
TOWelmcicara tle sO0tepolCeminclease me Acw! (5a ClUGes UM lC\c Laman is 
Tdedmecakese aestheo Oot calecastus Chesvhea tere thcms ltlsellaces 
tuewuighersthe ratesorsintlation, cthe=ereater thespricesor 
atonement, in this case, lost production and jobs. At the 
(perhaps) opposite end of the intellectual spectrum, this 
JdeasOtedastrade Olt Vsmenshnrinedsine ther obServedsrclatilon. 
ship known as the Phillips Curve [16]. 


Recently, debate about the Phillips Gurve has focussed on 
the question of whether the observed trade-off is a short- 
run or long-run phenomenon. It is not clear in the popular 
GiscusstonssOL sticmcrade-Orimeploplem a ine tic press, muro t 
example, and even in government policy statements, which as- 
SsuMpilon 1s DeIne made, 11 andeed) the question 1s even con- 
Succ me OnmC Nl cCmOUlCrmE Nand GeOlcmtakcCceencaliin Lipsmcutie 
analysis at face value, the implication is that a permanently 
lower rate of inflation can be bought only with a permanently 
lower level of employment, and hence output. 


Some economists, notably Friedman [9] and Phelps [15] have 
ar sucdetla tere coGrec cemiOtml Om om thateecllCm bill 1p Se CUiyy curls 


a representation of a short-run relationship between rates 
of price change on the one hand, and levels of unemployment 
(and output) on the other. “Wel caniputatniseinedmoiusn tty, 
different way by saying that on this new view, changes in 
the rate of price increase are associated in the short run 
with changes in the rate of unemployment, and hence with 
short run changes in output. Expressed in this way, the 
(short-run) trade-off is one between variations in the rate 
of inflation and changes in’ the rate of change or outputs 
Thus, for example, a permanent shift downwards in the rate 
of inflation is accompanied first by a rise insthe ratesou 
unemployment which causes output to grow more slowly than 
before (or perhaps to fall). After a certain length ofstimes 
however, the rate of unemployment moves back to its initial 
level - the so-called "natural rate" (Friedman [9]) - and 
during the transition back the rate of growth of output is 
hipheretian 1 oenadepeens prevrousilye 


The time path of output would look like ABC or perhaps ABC~ 
(which is a more accurate representation of actual experience 
discussed in chapter four) in Figure 1. The short run or 
transitory nature of the phenomenon is reflected in the fact 
that output is restored to the initial long-run growth path 
AD in the case of ABC, or in the case of ABC“, that the long- 
run rate of growth is restored. 


PT GUR Eee 


There is a connection between the Phillips Curve contro- 
versy and another important question, namely, how are 
changes in nominal (the money value of) output divided 
between changes in real output and changes in prices. If 
there is an association between changes in output and 
changes in inflation, then the problem comes down to one of 
identifying the cause of inflation. It should be stressed 
Chace tier incercseinomparcoL sthe=propremes1s again thesdiyi— 
sion between short run changes in output and rates of price 
change. There is general agreement on what causes output to 
ULOWsOVCUsLicm ONCmrun mo rOwenmO Lacie lavOTerOrce,.OLstne 
stock of capital and changes in technology. Once the long- 
run growth of income is specified (and perhaps the behavior 
of some set of interest rates) the long-run behavior of 
velocity is known, and these two things, together with the 
long-run rate of growth of the money supply, determine the 
long-run rate of inflation. 


But in the short run the growth of output may depart from 
its long-run path; in this case the rate of inflation cannot 
be computed as a residual. Even if the behavior of velocity 
and the supply of money are given, the rate of change of 
output is still undetermined. Only if the latter is a func- 
PIOlmOteUlceratecrOtep ri Ccecilanve lsat. pOsSsiDleeLOmUScmcne 
Quantity Equation to solve for the rate of inflation. Hence 
the problem of the division of changes in nominal income 
between output and prices can be thought of as a problem in 
the short-run determinants of inflation. In this study an 
attempt is made to link the long-run and short-run theories 
of inflation by seeking a common cause in the behavior of 
Cilcmied LenObeciantcuOteciessUppLy «OL sMONey Nie Lilcimet id ales 
an adequate explanation for the observed behavior of prices 
and output is a question which is left open until the 
evicence has been presented, 


In the next chapter a formal model is presented linking 
short-run changes in the rate of growth of output and 
Chace meliime cma lcm teChanvc#o papi CesnmCOmtlcera lca l 
growth of the supply of money. 


The structural form of the model is not unlike that of the 
ot. Louis Federal Reserve [5] except that it 1s expressed in 
terms of growth rates rather than first differences of the 
abd iwc mt atemodeleeitsprovidesedqmratlOondkestoOnatiessone 
of reduced form equations typical of the Monetarist school. 
One difference however, is that the structural form of the 


model presented here is used to deduce the shapes of the 
distributed lags in the reduced form equations. AS it turns 
out, constraining the distributed lags to their predicted 
shapes produces the best estimation results. 


The formal properties of that model are given in the 
Appendix; the important results are summarized in chapter 
three. Chapter four discusses the estimation problems and 
results. Chapter five contains a summary and some tentative 
conclusions about the effect of wage controls on the model. 


: Since this paper was written, a piece by Anderson and 
Karnosky [4] for the St. Louis Bank has come to my attention 
which estimates for the United States reduced form equations 
exactly like the ones in this paper. It is interesting, and 
to me at least reassuring, that the Anderson-Karnosky 
results are very similar to those presented in this paper 


Of course the striking similarity of the results for the 
United States and Canada raises the question of just how 
exogenous the money supply is for Canada. I completely 
evade this issue here, but I think it is only fair to point 
out that changes in the stock of money may be acting as a 
proxy for other variables which are in fact the true 
determinants of changes in output and prices. 


chapter two 


A STRUCTURAL MODEL 


The fundamental assumption of this study is that disturbances 
in the macroeconomic system originate in changes in the 
Mavesac wiichwthe supply OL money 1s incleascumor Ueclcascd. 
Pimochex words,ecne behavior of Chescrowth of the money. 
SUD LY eM eelSmtiecmenedlem Wil CieGl lV com bleC eS Visit CllmOlecOmUst 
the terminology of the dynamic systems literature, the rate 
OtmOLOWtN Ot Mets thestOLCingn func tmLon 


Miesceunanticipateduchangesmin whesratesor orowth of iM 
Causes pOrero ion inba vances, maehescuimbalancess tnetunnmeause 
changes in spending in attempts to restore portfolio bal- 
ACC De impact sOnethese Chanresmin spending on the flow 
of output may be considerably delayed, for typically changes 
Imes Pend Inomahe: Glrected tirstecOmrinancial assets = ChcimLO 
edie ssets mandmerinaiy tOetileetlLOWsOLECULLent LyapLoduced 
goods (Friedman [8]). 


The Determinants of Inflation 


The change in spending on output typically will have both 
HUG Cheyanne Ceme reetS ss silcmenvec @rOn=CUdil Gl tyeels 
SES CU SS cUMONmECmnCXU pat Cem cm LOL M=UieCmC rr CObeOlenD ices eator 
MNOCeEpLecuseciye Ole cies ra tOwOb Chanvenot spr vec srOr stnieerace 
of inflation, it is assumed that the adjustment of rates of 


price change to the rate that will restore portfolio balance 
is not made instantaneously but rather is made in stages 
over time. In the very short run, therefore, changes in 
spending (demand) will be met only in part by changes in 
prices, the remainder by the running down of inventories, 
rationing and whatever changes in production are forth- 


coming. 


If we let \~ be the rate of increase of M, and ie the rate 
of increase of the demand for real balances, then the rate 
of increase of prices, #, which preserves money market 
equilibrium is, 


Tose ie em (2eliie 


Since we are interested in the short-run variations in the 
growth of output about its long-run trend we let, 


ait = ef yi + E1Y (2520 
where E} and €, are the long-run and short-run elasticities 
of the demand for real balances and yy and §y are=the 


corresponding growth rates of real output. Normalizing the 
rate of growth of M with respect to the long-run growth of 
the demand for real balances, we have, 


T= AT - €] vise Ty 


ip OS E1y Cae 


WOETea) a= hl oAiG Since in the long run y = 0, and 


iN = apes ee where Vr is the long-run rate of change 


of velocity, we can write A as, 


A = A* - Yt Vy (2.4). 


iL ; cde 
If we identify these long-run and short-run elasticities 


with the elasticities of demand for real balances with 
respect to permanent and transitory income respectively, 
then we would expect E, to be quite smal li finotezero: 


We shall use the familiar partial adjustment model to take 
aCCOUNt Of thestactetnatmeric tate OL) increase of prices 1s 
not adjusted instantaneously to the rate, 7, which would 
restore equilibrium in the money market: 


Di = y, DA = SEY A me|9 3; Hee 0 (Zito) 


Here D 1s the difterentaalvoperator dGj/dt,. 0/15, the actual 
Pal emO be DiGlt Guile hod seman 4 1s the adjustment parameter. 


PipeusmoOOSsiDLemtOm dV CmUCtjmaibeLnUer Dr etailON mt Cri omO ts 
the adjustment of actual real balances to desired real bal- 
ances. Again, we assume that the imbalances caused by 
shifts in the rate of growth of M are not corrected immedia- 
Lele velar occechanv com lms end InG minc teu Sec Clune n Ghicmade oie 
medwid vCmO EC Nal we lO LeVic | OCA Gy ivan Sie 


Veter) gee Mai C2740) 1e 


Similarly, the actual rate of increase of velocity, v’, is 
defined as, 


VO +dX° = T+ y CATA 
Hence: 
se - Vv = }° - i - 7 
Se Sp cites ART 


NU ope UCeC USC GeDdicvaEDCCWeellmuncedcolLedmio Vem O iCall ge 
OieviclOGl Gyecidethesaetulal rate, Of Gnanvesd saalsopolVvelepy 
A - E,Yor Te: When the desired rate of change exceeds the 


actiid terate.slOreexamp.e, pred Isbalances#eLOWnatedmtaster 
Eaeomt lalwetsed 6S i Ged memo pendsnp sel cilaWlali@inG Ged semdliga tl 
attenptmcOmcOrrect acne: tOO-hi ghuratlogofercalmbalancesa to 
income, and this will put pressure on prices to grow faster. 
Hence we should have that, 


(2.8), 


which agrees with (2.5). Finally, in long-run equilibrium 
wes h eS 7 S Ny Bias yey we SS yee 


Short-Run Changes in Output 


We shall make one further addition to (2.1); but before 
doing so, we shall describe the companion output adjustment 
equation. For this equation we concentrate on the behavior 
of labor costs which represent the largest part of total 
costs in the production of output. We assume that changes 
in the real wage alter the profitability of production and 
lead to adjustments in output.2 These changes in the real 
wage arise out of the differences in the rate of change 
of prices and the expected rate of change. The former 
operates on the demand side in the market for labor; the 
greater is the rate of increase of prices, the greater is 
the fall, ceteris paribus, in the real wage. Expected 
rates of price change, on the other hand, enter on the 
supply side through workers! calculations of future real 
wages, which determine the size of money wage increases 
demanded. For simplicity we assume that the rate of in- 
crease of money wages demanded is equal to the expected 
rate of increase of prices, denoted by *; as long as the 
relationship is monotonic increasing, the argument is not 
affected. 


In Figure 2, the demand, DD, and supply, SS, for labor as 
functions of the real wage are shown. The current real 
wage iS Wo. If the rate of inflation is T), then the change 
in the real wage is wWo™, which would lead to an increase in 
the amount of labor demanded of Lob. We can show the same 
thing by drawing in a new demand curve, D“D’, which gives 
for each real wage and rate of inflation the new amount of 
labor demanded. Obviously there is a different such curve 
for every rate of inflation. 


2This is not the only sort of explanation possible for the 
short-run changes in output. We are more concerned with 
positing (i) a positive relationship between rates of price 
change and of output, and (ii) a negative feedback of ex- 
pected rates of price change or rates of wage change on 
output, than with any particular line of explanation. The 
first relationship captures the essential point about the 
Phillips curve and provides the link between changes in the 
stock of money and output. The second produces the sort of 
long-run instability in the Phillips curve argued by Phelps 
and Friedman. It is also consistent with Alchian's ex- 
planation of short run changes in unemployment in terms of 
Searcnmcosts muir 


Wo 


PPGURE 2 


The same sort of analysis applies on the supply side. 
Here the supply price of labor in terms of the money wage is 
raised to compensate for the anticipated decline in real 
wages calculated using expectations of future rates of in- 
flation. Thus, for example, if 1* is the expected rate of 
iisvaelon es ctoewant bcipaced eral leine thesreal swage is) Wedge 
On the other hand an increase in money wages at the rate w 
MalLsesetic Tred lawagceby. win Hence tOmmaintaine the: real 
wage constant, : 


7 i a (2109) z 
Corresponding to the supply curve, SS, therefore, is a curve 


S°S*“ which incorporates the effect of the increase in money 
wages demanded on the supply price in terms of the real wage. 


In Figurer3, it 1s assumed that the expected rate of in- 
bat On lagsmoechinds the actual rateymuce.. sthaten oon. 


This would be the situation, for example, in the early part 
Ofether transition to a Nichemera temo mein lactone 


HLGURE ers 


From Figure 3 we can see that even if money wages were bid 
up at the rate 13 , there would still be an excess demand 


fomelabor of Loc. (We cansresardethissacethesdesaredsenie 
crease in employment, corresponding to which is a desired 
increase in output. Again we assume that the entire adjust- 
ment is not made immediately, but rather in proportion to 
the difference between the desired and actual rate of change 
OL eoutpuL. seecting Lo be the demand for labor, we have, 


dL¢ = 9L4¢/au - dw 


(3L9/aw) [w - T]w 


(aL¢/3w) [n* - Tw (22 Lone 


using the assumption that the money wage is bid up by the 
expected rate of inflation. “Since dYi= oy/sbjdl, wheres, 
is real output, we can write the short-run change in output 
corresponding to the desired change in employment as, 


dyd = (ay/aL)daL¢ 


' d 
(9Y/9dL) —— w(n* = Ww) G2. Te): 


10 


Normalazime with respect togyemthneractual level of Sekar 
we obtain the desired short-run rate of change of output, y®: 


d = ayd _ 1 ay aid 
Dire” Soanrine Suis i4e 
= L oY a4 w [n* - 7] 
Y 8L ow L 
Voe= een oT) (ZL), 


where €5 is the absolute value of the elasticity of output 
with respect to the real wage. Letting y be the actual rate 
of growth (short run), we can write the partial adjustment 
equation for output as, 


d 


DNAS “eal sos 


Dy = yal-eg(™* - T)], yo > 0 = (2.13). 
Although we have expressed the quantity adjustment in 

terms of a supply response we can give (2.13)an interpret- 

ation in terms of demand conditions as well. For example, 

from (2.5) we have that excess demand, represented by 

ae Sec ls com peatiicgia LOmOLe DI! Cem ll Cicas Crema! (lost Tl) 

CULneLCOom the presence O1m im (2.15)0 rad sesatinsts the 

desired rate of output increase and eventually the actual 

PolemO Mel C Leas cem@esGOnVclScChy se Wiel is) 6 ny LSeneratlV.c 

1 falls and so does the rate of increase of output.3 


rT 


3 Siegel [17] has pointed out that if one writes 

meee FeCX )eek ah 

Vere Gi) (2m Says 
where x iS some measure of excess demand, in our case meas- 
ured X - E1y> then assuming F(x) has an inverse one can 
write ‘ 

y = G(F-l(n - 1*)) (QeLsbim 

Hence the specification (2.12) is-consistent not only with 


supply-determined output changes, but with demand induced 
ones as well. 


11 


Closing the Model 


Finally, we close the system by assuming the usual adap- 
tive expectations model for the formation of expected 
prices (or wages): 


Das eo i |e % = 0 (2a 4aae 


As we noted earlier, there is one change we have to make 
in the price adjustment equation (2.5). As it stands, that 
equation expresses the effect of demand pressures on the 
rate at which inflation proceeds. There is a widespread 
belief, however, that increases in costs, and particularly 
in wages, put pressure on pressure on prices to rise. Asa 
very simple-minded way of incorporating this cost-push 
hypothesis into the model a term yz[m* - 7] was added to 
(2.5); the price adjustment equation now is 


Drs yy A ey Tet Ya[7* - wT] (2. 150" 


Thus, for example, when expectations of future rates of 
inflation are running high relative to the actual rate, 
causing large rates of increase of money wages, equation 
(2.15) implies that firms will shift forward a part of this 
increase. The sustainable rate of inflation over the long 
run, however, is given by the first term in (2.15). If 7 
is pushed up too far through the cost push mechanism, 
Spending will be restrained because of the decline in real 
balances; and this will exert a dampening influence on the 
rate of inflation. In long-run equilibrium, of course, 
anticipated and actual rates of inflation will be equal to 
that common rate. There will be no pressure coming from 
the cost side, therefore, to move m away from the equilib- 
rium rate of price increase (7 = A - e,y = A). 


12 


chapter three 


THE RELATIONSHIP BETWEEN MONEY, PRICES AND OUTPUT 


The complete system is reproduced in (3.la-c) below. In 
the Appendix the formal properties of the solution of (3.1) 
are described. The main point is that each of 1, y and 1* 
is a function of past rates of growth of the money stock 
(each of the variables is a solution to an inhomogeneous 
differential equation in A). 


Diesiee eee) at lectes Yai Fm) 
Deel Gate yl 
Dart = sai a 7) (3.la-c) 


The system represented in (3-1)  awsrstable., The ‘long-run 
solutions for a constant rate of monetary expansion of } 
are given by: 


T= 
y=0 
TX = Xr (S22a-o) 


The long solution for 7 exhibits what has been called 


iS 


steady state consistency [17]: in long-run equilibrium with 
a constant rate of growth of the money stock, nominal values 
(here represented by i) grow at that constant rate. 


The long-run solution for m* has a similar property. “If 
m is constant for a long enough period it seems reasonable 
to specify that expectations converge to 7. This is a 
usual condition for so-called "rational expectations" [13]. 
Hence in long-run equilibrium we have that 1* = 7 = 
Alternatively, if we interpret ™* as the rate of nominal 
wage increase, steady state consistency implies 7™* = Xi. 


Finally, the steady state solution for y expresses the 
point of view that the long-run rate of growth of output 
is independent of the behavior of the money supply: this 
is just the familiar idea of neutrality couched in growth 
rate terms.1 


Short-Run Changes in Output 


In the transition from one steady state to another, how- 
ever, y is not zero throughout. The general solution for 
y is (assuming for simplicity zero initial conditions or 
alternatively regarding y as a perturbation in its time 
path for a perturbation in the behavior of i): 


WARE SP GIS a) of De (t - t)A(t) dt (35) 


For reasons which will become evident when we discuss the 
determination of t we prefer to write the distributed lag 
function as the derivative of >. The distributed lag func- 
tion Dd is known in the engineering literature as the im- 
pulse response because if expresses the responsesomsy, 
(except for the scale factor Y1Y2€2) to a transitory input 
at t = 0. An example in economics of the same sort of thing 
is the multiplier analysis of a one period change in the 
level of investment. 


1 a rise in 7* induced by a change in \ reduces the stock 
of real balances and future additions to real balances. 
The first effect, if real balances are in the production 
function, reduces the level of output. The second effect 
increases capital accumulation, but in the context of a 
neo-classical growth model does not affect the long-run 
rate of growth of output. 
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The Appendix shows that Dd has a shape like that in 
Figure 4(a). This shape indicates that a temporary in- 
crease in the rate of growth of the money stock, for ex- 
ample, causes the rate of growth of output first in in- 
crease and then to decline, eventually falling below the 
long-run rate of growth (represented by the abscissa in 
4(a)). The final phase is a period of an increasing rate 
of growth until the long-run rate is resumed. 


The response of y to a once-and-for-all change in A is 
given by $; in engineering terminology, $¢ is called the 
ramp response. The time path of the response in aggregate 
output to a permanent increase in investment in the analogy 
here. The ramp response for y is graphed in Figure 4(b). 
Its form of course is dictated by that of the impulse res- 
ponse in 4(a). In addition, the assumption of steady-state 
neutrality implies that, 


lim ¢(t) = 0, tro (3.4), 


This means that Dd is symmetric about the horizontal axis, 
i.e., that the sum of the distributed lag coefficients is 
zero. 


FIGURE 4{a) 


if 


FIGURE (4b) 


Variability of the Lag and the Accelerationist Hypothesis 


Note that if we measure the lag between money and income 
by the time between a change in the growth rate of M and a 
peak in the growth rate of Y, Figures 4(a) and 4(b) show 
that a variable lag is possible even for a given distributed 
lag function. For example, a short-lived increase in i 
causes y to peak at t;. On the other hand a permanent in- 
Crease ingAsproduces al peak ansy edt) toe Ae pO ll Gy some 
creasing the rate of growth of M in two stages would further 
increase the lag; >and an theslami tea polucys0 beaeconc tai 
rate of acceleration in would indefinitely lengthen the 
lag.2 Under such a policy the long-run Phillips curve would 
be a downward sloping line whose left-hand vertical asymptote 
would be the cumulative sum of the response of y to a once- 
and-for-all increase in A (see footnote 2). Increases in the 
rate of growth are bought, so to speak, with accelerating 
inflation, and there is a finite limit to an increase in the 
rate of growth that can be purchased this way.3 
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Thus the short-run rate of growth of output is really a 
function of changes in the growth rate of M. A constant 
rate of monetary expansion has no lasting effect on the rate 
of growth; permanently raising the rate of growth requires 
a constant acceleration in M. 


Most work on the relationship between changes in output 
and money, however, uses the growth rate (or first differ- 
ences in discrete form) of M as the explanatory variable. 
We respect this tradition and use A rather than DA, there- 
fore, as the input to the output rate of growth equation. 
It is for this reason that the distributed lag function is 
Dd rather than $; to a certain extent the orders of the 
derivatives of the distributed lag function and the input 
can be interchanged. 


*The point about the variable lag has been made by Tanner 
[18], who has calculated some examples. The point about 
the need for accelerating inflation can be seen by inte- 
grating (3.3) by parts to obtain 


pitDordt = A(t)¢(0) - A(O)4(t) + yf gdAde 


=u AS 
Dio! ddt, 


assuming a zero initial condition for i, and using $¢(0) = 
0. Note that git is monotonic increasing in t. When 
the scale factor is included, the limit of y(t) is 


lim y(t) = (e,/a)DA, t > o, 


This result squares with our intuition. Thus the more 
rapidly expectations adjust (the larger is a) the smaller 
is the leverage of inflation on output. On the other hand, 
Elemluolcecretnemclast icity SOLeOUCDULsee > etic elargeimis 

the response of the growth rate to changes in inflation. 


SIf the first derivative of monetary expansion is built into 
expectations, even this sort of policy fails to produce a 
permanent increase in the rate of growth. It is the fact 
that expectations are one derivative behind, so to speak, 
which produces transitory changes in output; the order of 
the derivative of 4 in effect used to calculate m* is 
unimportant. 
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Short-Run Behavior in Inflation 


The steady state rate of inflation on the other hand is a 
function of ’. In this case, therefore, we can use 9 as the 
distributed lag function if we continue to use i as in the 
imputetorL nes piocess mame tems iG ican unE however, 7 1S a 
function of not only i but also DA and D2 et fen mo Geboth 
the first and second derivatives of the rate of increase in 
the money stock. The general solution, for t large enough 
thatmthe initial conditions .Catimpesuconored: a ice 


Tt ¥y of ott - t)D7A(t)dt 
+ (a+ Yo)¥q of o(t - T)DACr)dt 
C 
+ OY5Yy 0! o.( te eee) ett ida (33508 


[tis interesting to note tthatis(5so amp! tes ienatetire 
behavior of inflation depends on not only the past course 
of changes in the money stock but also on how erratic that 
course is. Thus, for example, in the transition after a 
constant rate of monetary expansion is established the be- 
havior of inflation is different depending onshoweseveresa 
departure the new rate of monetary expansion is from the 
old. Maurice Allais [2] has argued that distributed lag 
relationships should take into account the speed with which 
inputs to the distributed lag are changing. Equation (3.5) 
represents, one. 1ormulation sot thateidacan 


— 


44 solution in A only is possible. This solution is ob- 
tained from (3.5) by integrating by parts. It has the dis- 
advantage that the distributed lag function shape is not 
easily ascertained. Also, estimating (3.5) offers the 
chance to estimate a and Y2- 


A third alternative is to estimate 7 as a linear regression 
in integrals of y and derivatives of ¢ rather than the 
reverse as in the case in (375). This*was) triiedy) butemuine 
collinearity made nonsense of the results. 
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chapter four 


ESTIMATION RESULTS 


Using the results of chapter three we write the reduced 
form equation for y in discrete form as 
Mie oe RNC 
t=o ng OPE 


with the shape of the distributed lag like that in Figure 
4(a). In particular, we have that wo = 0, lim w; = 0, 

1 +e and tw; = 0. Truncating the distribution at some T 
for which WT4j aU we eo cenayc 


i=l CLA. 


A third order polynomial with smallest and largest roots 
0 and wp respectively produces the desired shape of the dis- 
tributed lag.1 The Almon technique [3] with a third order 
POlynoMmia lyathereLore, 1s useds tomestimate the wis: 


Ire the solutions to (3.1) involve complex roots, the im- 
pulse response will cross the abscissa axis more than once. 
Fourth and fifth order polynomials were tried, therefore, 
but the results were inferior. 


is 


Two definitions of M were used: (i) currency in the hands 
of the public plus demand deposits (M1); and (ii) the above 
plus all other chartered bank deposits (M2). In each case 
government deposits are excluded. The results for M2 were 
always better, and they are the ones presented here. Since 
monthly data is available, quarterly rates of growth were 
computed from log-linear regressions for each three-month 
period. 


Constant dollar (base 1961) GNE is used as the measure of 
output. 2 Assuming that Y(t) is the average quarterly figure 
for GNP centered at the midpoint of the quarter, the growth 
rate for the quarter is computed as 


Y COa+ le) a tele) 
y(t) Bs DY (t) 54 74 


Y(t) Y(t) (4,58 


We 


where Tg is the length of the quarter. Expanding the right 
hand side of (4.3) in powers of Tg» we obtain 


ey UG Av. WG) a DL Ee 
sarap. Sdaay. Y(t) 9 
_ p*y(t) Toe 0(T?) 
aes) 8 4 
~ DY(t) 3 
rea Sh oo (4.4) | 


and hence the approximation in the right hand side of (4.3) 
is exact up to second order terms.* The end point values 
VAGE +TQ/2) and Y(t - Tg/2) were obtained by linearally 
interpolating between successive Y(t)' s. 


The estimation period is from 1954-I to 1969-IV inclusive. 
Over 64 quarters M2 grew at an annual average rate of 6.70 
per cent. The corresponding rate for Y was 5.01 per cent. 
Velocity grew on average 0.70 per cent per annum. The rate 
of growth for the implicit price deflator, therefore, should 


2 F ' ‘ 
The data is from the revised National Accounts. 


20 


Bera. 00-0027 ee oe lemme 4Oeper scent which 1s in wfact the 
estimate obtained. 


The growth rate of Y is normalized using 5.01 per cent; 
the normalizingeratestoGgen is 5.01 - 0°70 = 4731 per cent. 
In other words, using the notation of chapter two, we have, 


Mm mala Rt ee el 
eee 2 pee ap tO 1K, 7 (4.5a-b). 


3The more familiar calculation of the growth rate as 
Yih) mean te els)ictts)), olebsiicmeall. lta y(ujeeus related 
to the y(t) calculated above as follows. We note that 


y(t) = (orb 2 ty . pete) 5 eve) 


¥(t+1) - Y(t) | Y(t) - Y(t-1) 
ees Y(t) 


NO| 


I} 


pug. 


y (C1) ie y(t). 


Hence given any initial value of y; it is possible to 
calculate y recursively from the y's as 
Vitara y(t) coy.) 


Regression results for the estimation period 1954-1969 
yielded,y (t+1) = 0.6394 + 2.1626y(t) - 1. 0076y (t) 


(9.4446) (67.8769) (648.6800) 
R2 = 0.9870 
q = WLS. 


“411 of the growth rates are expressed in units of percent- 
age points; e.g., 0.05 is expressed as 5.00. For the 
purposes of exposition the rates have been rounded to the 
nearest tenth of a percentage point. The long-run rates 
were calculated from log-linear regressions using quar- 
terly data. All quarterly growth rates are expressed in 
terms ee their annual equivalents using, (1 + r,) = 

(l+r q)4 » where r, and r, are the annual and quarterly 


a q 
rates Ht eeqivsensunibt: 
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Results for Changes in Output 


The results of estimation of the w's for various values 
of T, the length of the distributed lag, are shown in Table 
I. Because the values of y show a pronounced seasonal pat- 
tern (see Figure 5) even though they are computed from 
seasonally-adjusted data, the R* of the estimated y from a 
five-quarter moving average of the y's is also included; it 
is denoted as pR*2.5 


The pattern of weights for T = 11 and T = 12 are shown in 
Table II and Des in Figure 6. These values of T combine 
the highest R“'s with sums of weights closest to zero. For 
smaller values of T the first few w's are negative, while 
for larger T the R2's are appreciably smaller and the 
weighting pattern is not like that in Figure 4(a) or Figure 
6 (the first few weights are large and positive). These 
values of T mean that it takes about three years for a 
change in the rate of growth of M to pass through the 
Sys cemetiecerms, Of Ltsmimpact, on the ratevor growth ots) 
We can see from Table II that a permanent shift upwards 
in X would produce a peak in y approximately 18 months 
later while a temporary increase would cause y to peak in 
about half that time, i.e. after nine months. 


Because we have truncated the distributed lag for some 
OA least-squares regression of the deviations of y from its 


five-quarter moving average on seasonal dummies yielded the 
following coefficients (t-ratios in parentheses): 


Quarter Seasonal 
I -1.5043 
(-1.8479) 

It -~-0.6932 
(-1.6452) 

Teel 1.9349 
C7 Gi) 

IV Ih. GA exe: 
(Se02 52) 


ao 
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TABLE I 


a 
Estimation Results for ye peer? Pe=29), Peo ely 
1954 - 1969 
T RA R¥2 rw, 
i 
e) 2047 0.6819 0.19568 
10 2262 0.6905 0.10659 
1] 423 /l: 0.6948 0.03577 
12 222 0.6849 0.01308 
13 LAUT 0.6686 0.01878 
14 1263 OFGs05 0.05805 
15 1041 OS 0.07019 
16 .0935 0.6374 0.06995 
Ly .0818 076327 0.04830 


TABLE II 
Distributed Lag Coefficients for 


hy =) UE Se heval Bt eS Sk 


(ee dire, 1b 
at i 
Ws imaWe. Ww » W: 
af 
j=0 J " j=0 J 
1.00000 0.00000 0.0000 0.0000 
.02166 0.02166 0.05890 0.05980 
(0.36109) (1.04664) 
Obese 0.10718 0.08585 OF T4565 
(2.90000) (2282335) 
alO355 OFZ 1055 0.08673 OF25256 
(52308258) (353/792) 
.08689 0.29742 0.06871 0.30109 
(2975129) (2.49187) 
.04792 0934554 0.03811 0.33920 
(1277.9 lets) (1.42441) 
.00180 0.34354 0.00121 0.34041 
(-0.07594) (0.04979) 
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TABLE II (continued) 


‘Daweh a es 
: 1 
W: W: W awe 
: j=0)0 i oie 
7 -0.05051 0.29303 -0.03570 0.30471 
(-1.97204) (-1.48598) 
8 -0.08645 0.20658 -0.06631 0.23840 
(2785 L157) (-2.42770) 
9 -0.09785 Oh ORES -0.08434 0.15406 
(-3.09189) (-2.74678) 
10 -0.07296 OF 035 77 -0.08350 0.07056 
(-3.15699) (-2.80737) 
ive 0.00000 US0S5 77, -0.05748 0.01308 
(2978704) 
Ze) bate reed WF poe ae 0.00000 0.01308 
T 1 2200555 2.21243 
y } j 
1=0 j=0 
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finite T, there may be some initial-conditions effects 
which are being picked up in the estimates of the w's. The 
beginning point of the interval of estimation was varied, 
therefore, to see what influence this had on the estimates; 
the results for T = 12 are shown in Table III. What is 
interesting about these results is that the sums of weights 
become larger in the negative direction as the interval of 
estimation becomes smaller. This point is taken up below. 


The estimated y's for the period 1956:1V to 1969:IV are 
shown in Figure 7. During that period there were five 
cycles in the rate of growth of output. These are represented 
in Figure 7 by the movements in the five-quarter moving 
average of y. Disregarding the levels of the predicted 
y's for a moment, we see that the estimates track the 
cyclical movements quite well. The only exception is the 
short 1962:II-1964:IV cycle which the estimated y's com- 
pletely miss. It is interesting to note that this cycle is 
exceptionally mild: it is the only one in which the rate 
of growth never falls below the trend rate. 


The only other significant discrepancy between the esti- 
mated and actual results is the too-high level of the esti- 
mates for the 1957-1960 cycle. This cycle is also unusual 
in that the upturn is particularly weak, with the growth 
rate never breaking through the trend rate. One implicauwar 
of this is that the level of output fails to recover to the 
trend path. This sharply distinguishes it from the suc- 
ceeding episodes in which the cycles in output fluctuate 
more or less symmetrically about the trend line. 


The estimated y's for the 1957-1960 cycle imply a be- 
havior of output over the cycle much like that for the 
later periods. Hence the estimated y's are too large. 
When a dummy constant is added for the period 1957:III- 
1960:III the estimated y's match the moving average ex- 
tremely well.© The shape of the distributed lag coeffic- 
ients for 12 lags with the dummy is shown in Figure 6 and 
the values of the coefficients listed in Table IV. A 
summary of the results for the different lag lengths is 
reported=in table, 


It 1s not obvious why the 1957-1960 cycle should be 


eS ga eh ee ip en ae 
©The estimates of y for subsequent cycles are unaltered. 
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ye. ADMIAL 
Estimation Results for T = 12; Beginning 
Point of Interval of Estimation Varied 


from 1954:II - 1956:IV 


Starting Point RA oe 
i=0 

1954 II 0.2095 0.01236 
Jha 8). Sse 0.00859 

IV OzuS iS 0.00037 

1955 I 0.1650 -0.021235 
i 0.1628 -0.09802 

La 8) Lh py -0.11480 

IV 0.1740 -0.13715 

1956 I URL -0.16112 
age Oz 509 -0.16753 

Ege Oi oo -0.18654 

IV Or 52 -0.20130 
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FIGURE 7 


Annual Equivalent Quarterly Growth Rates 
Normalized (0 = 5.01%) of Real Output 
1957 - 1969 
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TABLE IV 
Estimates of w's from 
Yt = DW kya ts Dod, » d, = Vp, beepentae MS ee 


TI GUF Ase dy = 0, otherwise... 


| he: 
weet Wi t-ratio j=0 
i= 1 0.01811 0.3579 0.01811 
2 0.05846 2.1497 0.07657 
3 0.06764 2.9738 0.14421 
4 0.05324 2.1984 0.19745 
5 0.02285 0.9720 0.22030 
6 -0.01595 (0), KO 0.20435 
7 -0.05555 -2.5976 0.14880 
8 -0.08837 -3.6383 0.05943 
9 -0.10681 -3.9287 -0.04638 
10 -0.10330 enOS5S -0.14968 
11 -0.07022 -3.8673 -0.21990 
12 6 0000.0 tae eee -0.21990 
se 0.43336 


ol 


TABLE V 


Estimation Results for yy = wildy ag ny Lehyees 


for various values of T, 


1954-1969 

T Do t-value RZ 

je) a Deal = Oa, Oe 550d 
10 -2.2990 -3.8993 0.4039 
11 =273825 -4.0882 0.4282 
12 -2.3923 -4,1696 0.4183 
1S -2.5210 -3.8478 0.3670 
14 -2.3953 =o U0 17 0.2908 
sas -2.4353 -3.0876 0.2579 


16 -2.1848 -2.5509 0.2081 


Ga 
RO 


different from the succeeding ones. But one thing is 
clear: the relationship between money and output estimated 
from the entire sample period is not sufficient to explain 
iio Nate 1separerculanly sinter CUulmoMSsmthate Lt. ise thellevel 
of the estimates which is off; the estimates track changes 
in the growth rate extremely well. 


The effect of the dummy on the estimates of the distri- 
buted lags is also revealing. The sum of the lags turns 
negative (Table V). This means that the ramp response looks 
PVkemtiesone Crawler louge ommenOte ile parerculayethatato- 
Wards athe end On ithe transition period the (normalized) 

PobeeO bey LOWLNEOTSOULDUtMLUTISaieCd ia Vc wml lle tact tron 
ToaDhem Ve Wes sceschate Wa Ghee slayscuthesracCenOlsOrOwtlelales 
De bOWeu cml eNncmld Goma obec heel Oiler Geis. 
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FIGURE 8 


Trend Level and Growth Rate Neutrality 


The reason for this change is clear enough. The neutra- 
lity of money incorporated in the theoretical specification 
of the model is neutrality with respect to the rate of 
growth. The fluctuations of the rate of growth about the 
trend rate of growth for the sample period (except for the 
1957-1960 episode), however, suggest a more stringent con- 
dition: neutrality with respect to the trend path of out- 
put. 


For this to be the correct specification it is not enough 
that the sum of the distributed lag coefficients be zero. 
The sum of the series of cumulative sums must be zero as 
well. In other words, the sum of the ramp response coeffic- 
ients also must be zero. Recall that the ramp response 
traces out the behavior of the growth rate of output for a 
permanent change in the rate of monetary expansion. If the 
ramp response is never negative, as in Figure 4(b) for exam- 
ple, the rate of growth of output is never less than the 
trend rate of growth after an increase in the rate of growth 
of M. Hence, under growth rate neutrality, a change in A 
displaces the long-run growth path of output although it does 


not change its slope. 


The point about the 1957-1960 period is that it is con- 
sistent with this latter specification. The failure of out- 
put to return to the 1954-1969 trend path during that cycle 
meant that the economy behaved as if the level of output 
had been displaced downwards. The estimates of the distri- 
buted lag coefficients with 1957-1960 included square with 
this specification: the sum of the distributed coefficients 
is zero, while the sum of the ramp response coefficients is 
positive (Table III). 


On the other hand, the intracyclical behavior of output 
after 1960 is consistent with trend-level neutrality. The 
fluctuations in output in this case do not represent tran- 
sitions from one trend line to another. And the estimates 
of the distributed lag, when the 1957-1960 cycle is removed 
by including the dummy variable, are consistent with our 
expectations under this specification. Thus the sum of the 
distributed lag coefficients is negative, and the sum of 
the ramp response coefficients is much closer to zero (Table 
IV). 


We obtain the same sort of results when the sample period 
is shortened. Thus when the starting point is 1956:{V, the 
sum of distributed lag coefficients is -0.2013 compared to 
-0.2199 when the dummy is used. Since the distributed lag 
uses up twelve observations, the 1957-1960 period is effect- 
ively eliminated in both cases and hence we should expect 
the results to be much the same. 


Finally, we note that since neither the sum of the distri- 
buted lag (impulse response) coefficients nor the sum of the 
ramp response coefficients is zero at 12 lags, the length of 
the adjustment process may be somewhat longer than that. Ex- 
tending the length of the lag and using a higher degree 
polynomial to capture the more complex structure of the dis- 
tributed lag did not produce superior results, however. 


Forecasting Rates of Growth 


So far we have used the estimates of the distributed lag 
function to describe the relationship between the rate of 
change of the money stock and the rate of change of output. 
Another way to reveal structure of this relationship is to 


forecast rates of growth of output under alternative assump- 
tions about the future rate of growth of M. 


First we use actual rates of growth of M for 1970:I, 
dndwl O02) Metospredict myaetoralo70.0-Dbis themnesultsgare 
shown in Figure 9. Since these are smoothed values, the 
estimated seasonals are added. Estimates of the actual 
growthe rates Of s\sninet970: Ie@andg1) aretcalculatedgusmng 
DBS preliminary estimates of Y for 1970:I-II and these 
are included in Figure 9. Finally, forecasts of y under 
two different assumptions about i from 1970:IV are com- 
puted. Under Assumption I, grows at its normalized 
Taterote 4, Sle pericentetromylo70: Pligon. jalhiseis theavare 
which should have produced stability of prices over the 
period 1954-1969. 


Under Assumption II, 2 is much more irregular. The 
experience for 1970:II-IV is the same as in Assumption I. 
But in 1971 sieande 19712 bl s)4M* seal lowedstoycrowGa bean 
annual equivalent rate of 14.31 per cent in each quarter. 
In the succeeding two quarters an over-reaction is assumed: 
the rate of growth of M is practically zero (in fact it 
is set equal to the average for the period 1969:II to 
1970:1, which is 0.54 per cent). Thereafter A is 4.31 
per cent per annum as under Assumption I. 


The results of these forecasts are shown in Figure 9. 
Note that in both cases the trough in y is more prolonged 
thateineprevaousacyclées. Bihismreatureson thes iesenimanuces 
cession has prompted some suspicions that the economy has 
undergone structural shifts in recent years, shifts which 
cause readjustments to take longer than before. However, 
the results of this study suggest that the recent experience 
can be explained without appealing to any structual shifts. 
The protracted trough, for example, can be explained by the 
very long period of high values of 2 which preceded it. 
From 1967:I to 1969:I, M grew at rates considerably above 
the long-run average. There is no other episode in the 
period 1954-1969 which compares in duration or intensity. 
Given the shape of the distributed lag, any upturn in the 
rate of growth of Y would not be possible until about three 
quarters after the peak in y, which in this case comes in 
1968:II. Since the inputs of A for the next four quarters - 
1969:II to 1970:I - are negative in normalized form, it would 
take a total of seven quarters after 1968:II before any up- 


turn could occur. The forecast upturn in fact comes in 


36 


a ee € 6 Cs 6 6 @ Co CG, 6! © ae a ase © UTS Oe 0 6S 9° 0 (9:19) STCUOSESS 
oe ae 2 NS VU I Sa Ul TMs Soqe yy UIMOrDapola tpelg 


III-1:0Z61 10F dND Teey Fo . 
sojeUtysy ALCUTWTTOIg WOLF soqeY yWMoIND ae 
ee rete seers eeeeeeees Tr uoTydunssy 
mele, 0 1 ein) s sip olienis) 0) 6 © ‘s = ¢ J] uotzdunssy = 
AI?~Z6I -AI:0Z61T S928Y YIMOIN YsedeI04 Pee: 
III -°I:0261 S92eY YIMOID pedTperg ‘ 
o 
00's 
00°F 
%00°S 
00°9 
00°Z 
00°8 


VZGLSOL61 
-dND T#9Y FO YIMOIN FO Soqzey YsedeIOJ pue po1odTperg 


Oe doa 


ou 


1971:1, which is 7 quarters after 1968:II. 


Results for Rate of Inflation 


The discussion of the estimation of nm, the rate of infla- 
tion as measured by the rate of change of the implicit de- 
flator for GNE, is somewhat compressed. The reasons for this 
are, first, that the general principles involved are the same 
as in the case of estimating y, and secondly, that the rela- 
tionship between tm and X may be misspecified. The cause 
of the misspecification - if any - is that the length of the 
distributed lag between rates of change of prices and rates 
Of growth of “M ds’ constrained to be the same as) for taccson 
change of output and the rate of change of money - 12 
duaGters. = here isecvidence: forethe Uni tedwotates sa tac 
that the adjustment period for prices is much longer than 
this, but as we shall see, the intracyclical behavior of fm 
may make it very difficult for a distributed lag model to 
estimate accurately the length of the adjustment period. We 
begin, therefore, by imposing an adjustment period of 12 
quarters. 


ihesestimating equation for 97 ars: 


2 
= Hy Oh ages 1s + 
Mem Vy PES “eng | MO YQ) YBPi MA, 3) ON Ps ee 


Here A is the difference operator. The estimated coeffi-— 
cients for the three distributed lags in (4.6) are reported 
in Table VI. The last column calculates the change in the 
rate of inflation for a one percentage point rise in A. 


The entries in that column are calculated as followsvsHimses 
the once-and-for-all change in A at t=0 produces a one 
period transient in AX . The coefficients in the (atyo)y apa 
column are the estimated contributions of this transient in 
each quarter following the coause in} A. 'Second]yemnge a. 
is a two period transient in A‘): the first period jump 
when i changes and the second period fall when ) remains 
at its new, higher level. The total contribution of this 
two period transient in any quarter is measured by 
ay ;P; - AY Ps] . The last determinant of 71 is the 
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TABLE VI 
EScimates#or lyse ‘qitetl Mvess oP {Wehr Yo) ¥,2P MAL Gg 
ee lanigtel 
1954-1969 
Bay 9 P i 
(aty,) Y)P3 


i 
imal 
(atyo)YjP; OY YP i : b2 ae 


12 


15 


YyPi ‘i ENP ARs 
-00000 0.00000 0.00000 0.00000 0.00000 
06953 0.04052 0.06666 0.06666 0.17670 
09560 0.05572 0.09166 0.15832 0.24011 
.11590 0.06753 0.11110 0.26942 0.35725 
.13040 0.07598 0.12506 0.39442 0.48490 
.13910 0.08104 0.13330 0.52772 0.61746 
.14200 0.08273 0.13610 0.66382 0.74945 
.13910 0.08104 0.13330 0.79712 0.87526 
.13040 0.07598 0.12500 0.92212 0.98940 
HTSO0n 02067530e Ol 10mm IN 0s52 1.08625 
09560 0.05572 0.09166 1.12488 1.16030 
06953 0.04052 0.06666 1.19154 1.20560 
.00000 0.00000 0.00000 1.19154 1.12201 
00000 0.00000 0.00000 1.19154 1.19154 
1.19154 10.25619 
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cumulative sum of the coefficients on A; this is reported 
in the next-to-last column. 


The sum of all these contributions is reported in the last 
column of Table VI; the entries in that column are the esti- 
mates of the marginal impact on the rate of inflation in sub- 
sequence quarters ofmaspermanenteoncspercentarves point ruse in 
pameecodaye 9g Li) the trucead justmentapenlode ise lmedquantersjmcne 
last entry in the Ztay2y1pj column should be unity; at the 
pointe thelcontrabutionssotethestransientsaareszerogance he 
Tatenoreintlationsrvs#iully adjustedatcomthes (normalazedymrate 
of monetary growth. 


The Stability of Velocity on the Lag in Prices 


ihemlas Grcntry il dC tls elo boon eeOneeOby1OuUs iicer pre 
Catt Onersmeiatecnemrul ead) UStmenueperlod mls ONOGCr thal 
Hudncors ss lteOonesaccepts themnoOciol OLwamstaDlesveLlociLy 
function, the rate of inflation must at some time in the ad- 
justment period overshoot the new equilibrium rate. If it 
does mot, i.e., if it lags behind the change an), the level 
of real balances increases. In other words, velocity becomes 
dgececreasing <EuUnCciOmeotsctne rate Of intlation: 


Hence the fact that the cumulative sum of coefficients 


f An attempt was made to estimate a and yz from the results 
aimavheaVleasetoOl LOWS. = 51nCestne Pp) seilecacn cistr 1 puted 
lag are the same, the sums of the distributed lags should 
differ only in the leading coefficients. In particular, we 
have that 


Y,2P. = 1.24306 
(a + y,)y,2p, = 0.72431 
OY oY,=P; = 1.19154.. 
Eliminating y;2p; and yz leads to a quadratic in a . Un- 


fortunately, the roots were complex and this approach had to 
be abandoned. 
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attached to X} is greater than unity may be an indication 

that the adjustment period is not complete. However, the 
rough estimate of the length of the remainder of the adjust- 
ment period that one can construct from the estimates in 
Table VI yields an improbably long lag. The estimate is 

cai culatedias fol lowsteerarscty thessnorttall o£ the rate 

of anflation’ from) the rate of) crowth»ofeM tor thesl4 quarters 
from, O° tor louise LAU =e lOMOS50l9R= sin 468ie Next. 1t 1stassumen 
that’ the®rate of inflation continues! atyl. 191549 per centeion 
the remainder of the adjustment period. This surely is an 
overestimate: the overshoot may be larger than 0.19154 for 
some of the succeeding quarters, but it must be less than 
that in others as ™ approaches its long-run equilibrium 
value. Even with this overestimate, which will downward bias 
the estimate of the length of the adjustment period, the cal-« 
culated remainder of the adjustment period is nearly 21 quar- 
terse—95./4581/0. 19154 squarters. 


Overestimating the Lag in Prices 


This admittedly rough calculation yields an adjustment 
period for the rate of inflation nearly three times thatees 
the growth rate of output, or nearly nine years ineall 
This is surely too long, and raises the question of whether 
the estimated mean lag is biased. 8 If one compares 7 with 
its estimated values for the sample period, one inadequacy 
of the distributed. lags estimates™isecléan;:. ‘thesinabi ities 
capture the sharp cycles in q (which occur every, two tOmeim. = 
years. the dating of these cycles by the turning poiiGcma: 
the rate of growth of output 1s interesting = The= P's) ange. 
in lable Vi reter to; then péaks candetvouc hoi neciceratemam 
growth of Sreal output... NOtesthateanscvVerveinstanccmex acres 
one the sharp cycles in ™ come after y has turned down. 
Moreover, the cyclés are complete about Live tomsix quantems 
ater the peakwin ys BULetNceadyUstinen tape TOCGmrO lame: 
growth rate of real output is finished six quarters after 


: Note that because only past values of the exogenous variable 
are included in the regression we do not have the problem of 
serial correlation in the presence of lagged endogenous vari- 
ables, a problem which typically leads to serious overestima- 
tion of the average lag. Indeed, estimate of 7 using lagged 
values as regressors leads to an estimated adjustment period 
of 64 quarters. 
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the peak in y as well, suggesting that there is no differ- 
ence in the lengths of the adjustment periods for y and 7. 
My =surmisSe, and iterseonlyatiatemisethat the inability of a 
low order polynomial distributed lag to capture the sharp 
peaks in 7 generates a type of "aliasing" problem in which 
the explanation of those sharp peaks is provided for in the 
distributed lag by stretching out its length.9 


Forecasting the Phillips Curve 


Pshiiat lyse Ue lSe Us ecOO mt CMptiiomnOtetOnmLOorecast. lmatin= 
der the same assumptions for forecasting y and construct a 
hypothetical Phillips curve. To do this requires relating 
ticuerdtceOteyrOWwUnmOLe OULDULMLOStNesUneEMpLoyMentetate.: slits 
is done using the following (these results were kindly sup- 
plied by Arthur Donner) :10 


du, = 0.324 - 0.098y, - 0.113y, , - 0.066y, , (4.7). 


Here Au denotes the quarterly change in the unemployment 
rate. The forecast changes in u and the forecast t's 
under Assumptions I and II about the growth in M (see 
Piguumemo ancalabte lll) varesneported inesbable sy hy eand: the 
Ome Castells ebay ais) ares) lOUted ei Toure) lee NnenOVer = 
smooth property of the t's shows up again in Figure ll as 
a too-shallow Phillips curve. 


: Anderson and Karnosky found an adjustment period of 28 
HiamteEusetOrericnUsommratle OteinrlatlOn ses tat nemo Dice 
data exhibits the intracyclical behavior found for Canadian 
dotdanueily eSUrmNTSoels COrrectnmenisecsStimace 1smunward 
biased also. 


PEquation (4.7) produces no change in the unemployment rate 
EOTeaeGacesOL eLOWL) OF 45 OS Derecent.s sliestrenderatesoL 
CLowt imo sO esample sper1Odmis@on0lsperacent.ma We lacntity 
this rate of growth with full employment equilibrium (no 
Ghangesinu) and adjust the coefficients in (477) by 4.86/ 
SUL 
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TABLE VII 
Forecast Quarterly Changes in Unemployment Rate (AU) 


and Rates of Price Change on Annual Basis (rm) 


EIA Ga AUS 8) 
py Quarters, imuwshhos ge ASSUME LONE SS ti eeee Wea AS Sumy elon 
AU TT AU T 
Sh Feel ew > BAU pe eS eee ee 
LO 0: I 
Ty 
Tee 
IV 0.1346 ecole 0.1346 12234 
1971: i 0.7203 0.4544 Deez OS 0.4544 
il OF 0922 0.0364 0.0764 0.3974 
Tat 0.0418 -0.4006 -0.0085 0.6274 
IV -0.0088 -0.9984 S009) 0.4304 
ApS ive I AUP SSeS) SUR eee -0.1304 0.4307 
II =0..0538 © <-122256 -0.1148 0.4543 
leh -0.0440 -1.0476 -0.0655 0.6634 
IV “0702578, == 00000 -0. 0086 1.0698 
JS HESS I 07009455 .-OnZu00 E0505 2 Oe 
i Ue Uae =-07 1355 O20712 Toss 
1A 0.0002 DEO 0.0834 1.2041 
IV 0.0000 0.0000 0.0741 On947 3 
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chapter five 


SUMMARY AND CONCLUSIONS 


The main result of this study is that there is a stable re- 
lationship over the period 1954-1969 between changes in the 
money stock and changes in output and prices. The patterns 
of rates of price change and of output conform to the pat- 
terns predicted from the simple model developed in chapters 
two and three, given the actual behavior of the money stock 
over that period. The evidence is that the rate of growth 
Ofemoney nas no» éftectwon the trend path of output, but 
that it exerts a powerful influence in the short run. 

Short run is something of a misnomer - and this is another 
Minot tetesuli = DecausemthemindicacClonsmdnrestiate tie 
lags between changes in money, and the changes in output 
Bide cleeseare tail) ye Ong. sFOLSOULDULME dla nCheasScmil mcie 
growth rate of money produces a peak in the rate of growth 
anywhere from nine to 18 months later. The peak in the 
level of output of course comes even later: at the out- 
Side about 24 months after the’ change in the rate of 
monetary expansion. 


The evidence on the lag between changes in money and 
Gian ecseineprices is lesseelean-cut.. luewe=accCeptisthes 1dedq 
Oimewstablesvelocity function, che eSstimatvededps  rhiputed 
lag implies that the adjustment period is longer than 12 
quarters. On the other hand, the degree of smoothness im- 
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posed on the estimated distributed lag probably prevents the 

estimates from picking up the sharp adjustment in the rate 

of inflation towards the end of a cycle. This adjustment 

is compatible with a stable velocity function and its timing 

suggests that the full adjustment period for the rate of in- 

flation is the same as that for output, in other words, about 
36 months. 


There is no evidence of a structural shift in the last 
few years. The protracted trough in the growth rate of out- 
put andthe persistence of antdation in) them 909-107 Veena 
is explicable in terms of the long episode of high rates of 
monetary growth which preceded it. 


Indeed it is not 1969-1970 which needs explaining, but 
rather 1962-1964, and particularly 1957-1960. The 1962-1964 
episode is perhaps the less important exception. It vs@sq 
mild and brief that one can legitimately doubt whether it is 
a cycle.l There is no question, on the other hand, that 
the 1957-1960 experience is a cycle. What is curious and 
intriguing about that cycle is that the estimation of tie 
level of the growth rateso£& outputs isvottes i hesmovetene. 
of the growth rates of output and of nominal income are cap- 
tured very well. Perhaps the fact that Canada was on a 
floating exchange rate at that time explains this curiosiua 
The estimation of the 1960-1962 cycle, however, during which 
Canada was still on a floating rate, does not suffer from 
the same defect. Certainly it would be worthwhile to ex- 
plore more episodes from the floating rate experience to see 
if the estimation consistently tends to be off in the levels. 
Any persistent difference in estimation results betweenstica 
and floating rate periods raises the crucial question of how 
exogenous the money supply can be under a pegged rate system. 


The Effect of Wage Controls 


How would the foregoing results be altered under a regime 


ee ee ee 


However, it is interesting to note that the rate of infla- 
tion is overestimated for that episode while the rate of 
growth is underestimated. In other words, the rate of 
growth of nominal GNP is not nearly as far off as the esti- 
mates of its two components. 
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of wage controls? The following conclusions should be tak- 
en as very tentative ones; for simplicity we assume that 
wage control takes the form of fixing the level of money 
wages. 


HOsbDeoin, Wath ww whenswages aremrixed there are no; cost— 
DUsSlepLMessuress Orc NosUpep Gr Cosamm el Comm™t Nes sScCONGaLert 
Yeeee) 1) in the price adjustment equation disappears. 
There are two important effects of this on the formal pro- 
Deriulesmolecihcemodel, sis eumciesmedim lag abDeEWeclmchanpes 
in, prices and changes in, the supply of money a5 reduced, 
Hence the period of adjustment of prices to changes in the 
supply of money is shortened. The reason for this is that 
the self-momentum of inflation caused by the feedback of 
Prtces Ouse thenselvesmcuroughminetine, Lect sOnmexpec tdi. ONS 
and wage increases is removed. 


iis etirst et fect. stheretore.. aids. Lnencontrolsotethe 
Svs tel. elie: second ecLtecctsnowever, 1S deéscabilizing: 
suppressing the cost-push mechanism may increase the dura- 
ClLOlmOTeLICESWINCSMIl OULDUUMEE ne fOrmd bepnooteO teat hss 
Piven leche AD pends x menor lituiltivesexplaniatlLonlulsmt hat 
the term yz(m* - 7) in the price adjustment equations 
acts as a regulator for the system; it implies that when- 
eveGadascrepancy between actual andvexpected ratesqot 21 
Piatlonidev.clOps = thearate.on inftlationgissadjustedsto, re 
move that discrepancy. But since the discrepancy also gov- 
erns the deviations of the rate of growth from the long-run 
ope aecnemcOst- push chktece Ne lpsmtougoVvernetiescrdevaataonse 
When this control is suppressed, the swings in the growth 
Gapced,camoremseVeremand spe tsi stmatOumalOnce tm line. 


This last result, however, depends on the assumption that 
output can be adjusted in the direction of the desired 
change indicated by the discrepancy 7 - m*. It ignores the 
ethect Orethe wage.treeze on labor participation ratco. 
Fixing wages does not prevent workers from calculating the 
decihine inereal waces when prices drcesstilierising., sRather 
the effect of the wage freeze 1s to reduce the supply of 
labor (fixing prices presumably prevents this from occurring). 
Hence the growth rate of output, 1s retarded. 


An  blLiustrat non 


These various effects of a wage freeze can be shown by 
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illustrating their impacts on the labor market, which is 
done=in) Pisure 127 Fieure l2edepicts the phase in) thesbusi 
ness cycle in which the rate of money wage increase outstrips 
the rate of price change. Rather than draw in both sets of 
old and new demand and supply curves we have shown the effect 
of the change in the real wage caused by the discrepancy be- 
tween 7 and m* (the latter assumed to measure the rate of 
money wage increase) by a movement along the demand curve 
AnGedeShlit tain ete supp hye cuUInVviCs 


Invthevabsence ofvany 1eedbackserrect through the cose. 
push mechanism, the desired fall in employment and output 
is QP. As employment is adjusted towards the desired level, 
erther unemployment develops or the rate of Wace increase 
declinessuntii= the market clearsvat pOinteh. 5 lit Ne etc tome 
wage change is at all sticky downward, however, this latter 
alteriative iS MOL Very likely. sores aVveLy 9s lOWslOmO DCm 
andes the: eventualimtaliinvemployment tseclose to OP" 


BIiGUREw le 
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The cost-push mechanism ameloriates the problem of adjust- 
ment by reducing the size of the desired fall in employment. 
If the rate of wage increases is running ahead of the rate 
of inflation, the latter is raised to pass on the increase 
in wage costs. This lowers the real wage and reduces the 
absolute size of the desired change in output. The phenomen- 
on at work here is quite conventional; it embodies the fami- 
liar idea that reductions in real wages are more easily 
affected through changes in prices than in money wages, i.e., 
that at least in the short run there is money illusion in 
the labor market. 


Suppressing the cost-push effect by, say, not allowing 
firms to pass on wage increases therefore makes the desired 
fall, and eventually the actual fall, in employment larger. 
Suppressing it by forbidding wage increases, however, has an 
effect on desired employment and output in the opposite dir- 
ection. Thus, with the rate of nominal wage increase slowed 
MOT se tOmZerO,mtler desis cumschanvenin emp loymenes becomes 
Dost ulverninuchisecasce Ul. 


If nominal wage rates are fixed, however, the excess de- 
Mand, cap ecannot, be closed, because to clear the market re- 
dumreseasrise in the real wage, and hence tor 4a civen rate 
of t, an increase in the nominal wage.2 The actual level 
SimcnplOvnent andeOoutpute theretoreslsadeterminedspyatiec 
amount of labor forthcoming at the new real wage. If workers 
continue to calculate the change in real wages using the ex- 
ec ecamnavenOG Dr Cemlucleascem Encesupp lya0 ela DO manCmlience 
EipLovientymaecClinesstoeONe  inethis case abner a lleeineout. 
DUPeEissMOrTeaseveCre: tiated stner case UNndersda trees marke mmnLOn 
a given rate of change of the money stock and a given rate of 
enhangesorevelocity, therefore, the rate Ofsintlations sat 
least in the short-run, is larger than what it would be in 
Eiemcasemot saenGee manket. 


This ignores the resort to non-pecuniary forms of reward 
that doubtless would occur. 
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Appendix 
FORMAL PROPERTIES OF THE MODEL 


inematrans forme(sela-c)sobethe: Cex cebecones 


“~ 


realy Si 1 he wews r ine 

“Y5E5 Dad Yo 99 y = ¢) (A.la-c), 
* 

-O, ) Dee ‘f Y 


Where YY + Ys: 


Poresimplicity wesshaliepresent: the fullesolutionstorsy 
only. The extension to wm is straightforward. Assuming 
that the initial conditions are zero, the solutions in terms 
Opecnesdi rrerentlalwoneratonr are, 


7 (D) ae Yo] [D a | ee eee: are: im 
y (D) = aaa DY £5 steele ear | ROURME Aee a = Olle 
m* (D) a[D + Yo] EO 
J 
with, 


A(D) = {[D + a] [D + y,][D * ¥5] + y;7,¢,€50} - for, [D+v5]} 
(A.3). 


In what follows we let R(D) denote the expression in the 
first set of parentheses, { }, and F(D) the expression in 
the second set. 


All of the three roots of A lie in the left hand plane 
which means that system (A.2) is stable. To see this, note 
that R(D) must have at least one real root and that root 
must be smaller in absolute value than Yo: Since F(D) 
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has a root at -y., , and since R(0O) > F(O), A must have a 
root between -y, and 0. That there cannot be any larger 
root follows from the facts that, 


oR Beene OF a 
91). = =o Oey A.4a 
aD 1 5 Sa ( ), 

and, 
a°R > 0 for all D> 0 (A.4b). 
aD° 


All of the roots may not be reals “Obviously if alisopeene 
roots of R(D) are real, so must the roots of A. A suffic- 
1ent condition that the roots of R(D) not “all be realamrs 
developed as follows. We note that R(D) can be written as, 


Ri) eee ecto, nl Dee y,J[D + Yo] ot Y1¥ pe £5} - AYIY5E1 ED (ASE 


Hence if |min [D + y,][D + ll < ¥1 ¥&7 £5 the expression 
inside the { } parentheses has only one real root at -a; 
thererore ©R(D)) can have only one realy root. 


Wetec wom 
WD) ==) (Dae) aa) EXI9) 
we obtain, 5 3 
. (¥1-Yo) 
|min W(D) | =e (ie (Aste 


and therefore the condition for complex roots can be written 
as, 


, : | 
Ga OMe CAG Gee (A.8), 
ene 
+ 2 + ae S - 
Dye tog sey 20yiihe, es Hy Ap aye ey alley yeneean ae 
(Reo 
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Since the left-hand side of (A.8) is a hyperbola, each of 
the factored terms in (A.9) represents a branch of that hy- 
perbola. The two branches are shown in figure (A.1). The 
shaded area represents the combinations of Yq and Yo 
which yield only one real root for R. Thus if the pfrice 
and quantity adjustment coefficients are very dissimilar 
the roots of A will be real. On the other hand, if the ad- 
justments of prices and output take roughly the same tine, 
1.e., have roughly the same mean lags measured by = and = , 
then A may have two complex roots, in which case i , 
the approach of the system represented by (3.la-c) in the 
text to equilibrium will be one of damped oscillations. 


Pe ae 
Nia apm = 1 


Vi momen nD 


Y9 


FIGURE A.1. 


To solve for the long-run equilibrium values, we substi- 
PU Ccmel = OPIN Aewa=Cyle NOtingethate «0 me AY yY 5: 


Gal ee Ges 
vite 0 
m*(t) = A(t) (A.10a-c), 


where X(t) is the long-run (normalized) rate of growth of 
M. 


Let “yh e-¥5 and ae bei the roots Of ei becan sbosshnown 


oo 


O18. 4 Lis eel lame 
ToL ae ai lees Sag Vogts coe ae (A129 
NOY Ge ean put 
1 2 
where, 
Sia Ngan ae al ecm erat ee ee A.127 
ies ica ie ive 51 lo : a ( ye 


Each of the: terms on’ the»ricght™ hand: side’ of therexpression 
On + is aesimplLescUnCrion OL sehe=Operacor -Deinetacteeaem 
represents the operator transform of a simple exponential. 


Let 9(t) represent the function corresponding to x NG 
Sha iisce oe ONCeNOCeECOL Te SDONGeIL Came UE: 
il 
OT (Ana 
Since, for example, 
=a ¢ 1 
e <> cE 
a CATS 
we have 
I -y; ae 
Beye hy yt le: th te Lge ee eae [ert er 
A, iL 2 2} i 


Using the standard results about the transforms of deriva- 
GIVES «O11; UNCGTONSethate 


Da(t) <> - $0) +a $00) = 0 


iF Se a Ny eunans sian D6(0) = 0 


(A.15a-b) 


and the Convolution Theorem result, 


foe) 


f f(t-t)g(t)dt <> G(D)F(D) (A215) 
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WGscall write the «so luttonerom yeast 


3 
Y(t) = ¥y¥oe5 Sf Do(t-t)A(r)dt (Ameo 
0 


The function Dd(t) appearing in the integral in (A.16) 
is called the impulse response function; its shape gives 
the pattern of weights in the distributed lag between A 
and tyne Itealiso epresents. they venavior of yy. 10r zero 
initial conditions, if at t = 0, A took a very large value 
and was zero thereafter. In continuous time the analytic 
mepresentaction Of a) Os whichepenaved likesthis 15" the 
impulse function 6(t) defined by 


Sf 6é(t-to)f(t)dt = f(to) (As17)e 
0 


In this case 


ie 
y(t) = V1Y¥9&o ; Do(t-t)6(O0)dt = VY pE2D6 (t) (AZN7 4) 


dudmnence the termeimpulse response for Dott): 


To get some idea of the shape of Do(t) we assume that 

1 1 1. the argument is not affected by this or- 
omer Omen ed TY. 58 . 

2 1D fa fepiealy he 


It is clear that Bo(0)= O and lim Do(t) = 0. To deduce 
the path of Do between the extremes, we write Dgt’™ in 
BWOMLUNCt IONS 062 cd Cine s Dy 


Z, (t) = Yre mec 
1 
Tere eet 
Zoe Ce ae = a2 (A.18a-b). 
al 


WemnlOtCemtnatecach: oze 1S eZerOmcOGesOMe tI niGem pos? tiny Camis 
and zero only once on (0@). The proof of each proposition 
is by contradiction. The existence of a zero is proved by 
showing that, for example, 


Si 


1 
bg ee ae 
Y7e atc 


everywhere is impossible. The uniqueness is proved by show- 
ing the proper ordering: of the derivatives of the exponen= 
tials cannot be preserved if more than one intersection is 


assumed. 


Thes) zs sare oraphedming 1puresAlZ below. 


points ve dnd sts a nemce mi ncdms Dy. 


1 21 
1 
&ny,-&ny, £noa ny, 
* * = 
Flies lag so eae 
Yo Yq O Yi 


fox ae < 1p: 


The cross-over 


(A.19), 


The function 8z.., where &8 = ee eee 1, 1svalse 
shown. Since sign Ddo= sign (Z 178254) thes shape ohana 


seas 1natcacea in the cexe- 


. Bz, 
Nee 
aes 
on = 


. ~ 


- 
~ a 
“eee em 


FIGURE A.2 
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PitigllyeewerdssessmchemmpnG mo mencducliomtiems 2c .Otlm 1, 
the cost-push parameter on the properties of the system. 
From (A.3) we have 


AV 
S&S 
Av) 

n 
io) 

VIA 


Sas 2 (gies Y5) 0 GNe ZONE 


Peels eo OWN yt O07) ca —O Pane e meet Tel GUL CHAO ame Crd s SUC 
V5 > at > Yi- As betone, ithesarcument as not affected 


Dymtier order ilnv. Or ernie sOOtS ma hicCapOllupOn touemLLIUustLracron 
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(A.19), that the lower bound at least on the point at which 
the distributed lag coefficients turn negative increases. In 
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Graphique 11 


Taux de Prévision de la courbe de Phillips 
erage 1970-IV 1973-IV 
des prix 


(en pourcentage) 


Prévision 
2.00 avec hypothése I..... X 
avec hypothése II1....® 
a : e ¥ 
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Md @ e@ A ~ 
0 O St tt lg 
0.05% 0.10% KA Taux de chémage 
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x a: 
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Graphique 6 


Répartition des décalages entre les taux de croissance 
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Graphique 5 


A 
Equivalent annuel des taux trimestriels de croissance du produit réel et de 
la masse monétaire: 1954-1970 
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